Abstract
Introduction

41
The Amundsen Sea is located in the West Antarctica between the Ross Sea and Bellingshausen 42 Sea ( Fig. 1) , which is one of the least-biologically studied regions in the Southern Ocean. Recently, 43 several international research programs (KOPRI Amundsen project, iSTAR, ASPIRE, and DynaLiFe) 44 were launched to improve the understanding of this remote area. Field-measurement data revealed that 45 annual primary production of phytoplankton reaching to 220 g C m -2 y -1 in the Amundsen Sea polynya is The depth-integrated total (large + small phytoplankton) chlorophyll-a concentration was 11.1- phytoplankton to the total chlorophyll-a concentration were 42.4 % (± 37.2 %) and 7.9 % (± 3.5 %) for 130 non-polynya and polynya regions, respectively ( Table 1) . The chlorophyll-a contribution of small 131 phytoplankton was larger in the non-polynya region than in the polynya region although they were not 132 significantly different (t-test, p > 0.05).
133
The depth-integrated total POC concentration of phytoplankton showed no large spatial variation 134 ranging from 4.72 to 9.22 mg C m -2 (7.40 ± 1.55 mg C m -2 ) (Fig. 3) . In comparison, the depth-integrated 30.8-67.2 % (41.3 ± 11.5 %) in the Amundsen Sea (Fig. 3) . Specifically, the POC and PON contributions 138 of small phytoplankton averaged from all the productivity stations in the polynya region were 36.9 % (± 139 4.6 %) and 37.0 % (± 6.9 %), respectively, whereas they were 49.5 % (± 14.4 %) and 50.0 % (± 15.1 %), 140 respectively in the non-polynya region ( non-polynya and polynya regions, respectively which were not significantly different (t-test, p > 0.05).
182
The total integral daily nitrogen uptake rate (nitrate + ammonium uptake rates) of phytoplankton . Based on the nitrate and ammonium uptake rates in this study, f-ratios (nitrate uptake 214 rate/nitrate+ammonium uptake rates) averaged for non-polynya and polynya regions were 0.62 (± 0.08) 215 and 0.54 (± 0.20), respectively. These ratios were also between the ranges of two previous studies. carbon and nitrogen uptake rates) of small phytoplankton were higher in the non-polynya region than in 246 the polynya region (Table 1 ). In addition, the chlorophyll-a contribution of small phytoplankton (7.9 ± 247 3.5 %) was significantly (t-test, p < 0.05) lower than the POC contribution (36.9 ± 4.6 %) in the polynya 248 region, whereas they were not statistically different in the non-polynya region ( constitutes their colonial form (Matrai et al., 1995) . This non-phytoplankton carbon material without Table 1 . Percent contributions (%) of small phytoplankton to depth-integrated total concentrations of chlorophyll-a, POC, PON, and carbon and nitrogen uptake rates in the Amundsen Sea. 
